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TECHNICAL NOTE
Sorbent regenerative hemodialysis as a potential cause
of acute hypercapnia
L. LEE HAMM, GAIL LAWRENCE, and THOMAS D. DUBOSE, JR
Department of Internal Medicine, The University of Texas Health Science Center, Dallas, Texas
Commercially available sorbent regenerative hemodialysis
systems offer a convenient method of either acetate or bicar-
bonate hemodialysis, Sorbent dialysis requires only a small
volume of dialysate (5 to 6 liters), which is continuously
regenerated (production of "fresh" dialysate from that contain-
ing uremic solutes) by a cartridge containing urease, anion and
cation exchangers, and activated charcoal. The convenience of
bicarbonate hemodialysis and the small dialysate volume in this
system makes sorbent regenerative hemodialysis particularly
suited for intensive care units. In fact, this system has been
recommended for critically ill patients [11. Carbon dioxide is
known to be generated during sorbent regenerative hemodialy-
sis, but the magnitude and potential consequences of this
carbon dioxide production in altering acid-base homeostasis has
not been evaluated [2—41. Our interest in acid-base changes
during sorbent dialysis was stimulated after observing profound
acute respiratory acidosis in a mechanically ventilated patient
during hemodialysis with this system. We, then, prospectively
evaluated acid-base changes during sorbent regenerative hemo-
dialysis in 15 patients.
Case Report
A 62-year-old woman on chronic hemodialysis was admitted with
septic shock secondary to gangrenous necrotizing fascitis of the right
thigh. The patient was mechanically ventilated with supplemental
oxygen at a mandatory rate and volume. The arterial blood gases on this
regimen prior to dialysis revealed an arterial Pco2 of 22 mm Hg. a pH of
7.48, and a calculated bicarbonate concentration of 16 mEq/liter. The
patient was dialyzed using a combination acetate and bicarbonate
dialysate bath, a hollow-fiber dialyzer, and the sorbent regenerative
system. Thirty minutes after initiation of dialysis, the patient was noted
to have a systemic arterial PCO2 of 81 mm Hg, a pH of 7.0, and a
bicarbonate concentration of 19.3 mEq/liter. Simultaneously the dialy-
sate was observed to have a pH of 6.51 and a Pco2 of 237 mm Hg.
Dialysis was terminated, and 30 mm later the patient displayed a pH of
7.42, a PCO2 of 23 mm Hg, and a bicarbonate concentration of 14
mEq/liter.
Fifteen patients from the inpatient hemodialysis unit of
Parkland Memorial Hospital, Dallas, Texas, were selected on
the basis of clinical stability and lack of known respiratory
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impairment. Thirty dialyses were performed using a single
sorbent regenerative hemodialysis machine and either hollow-
fiber or coil dialyzers using standard acetate or bicarbonate
dialysate (135 mEq/liter). Acetate dialysis combined standard
acetate dialysate (acetate initially 25 mEq/liter) and sorbent
regenerative cartridges that release acetate salts. Bicarbonate
dialysate was prepared by mixing 68 g of sodium bicarbonate in
6 liters of water to give an initial bicarbonate concentration of
135 mEq/liter. With bicarbonate dialysis, cartridges releasing
chloride salts are used. Dialysate was circulated in the regener-
ative cartridge for 30 mm prior to dialysis. Dialysate flow rate
was 200 mI/mm in all studies. The blood flow rate and the
amount of ultrafiltration was individualized for each patient.
Several different dialysate and dialyzer combinations were
used: bicarbonate dialysate and hollow-fiber dialyzer (N = 7),
bicarbonate dialysate and coil dialyzer (N = 7), acetate dialy-
sate and hollow-fiber dialyzer (N = 9), and acetate dialysate
and coil dialyzer (N = 7). Blood and dialysate samples were
drawn at the start of dialysis, and at 30, 60, 120, 180, and 240
mm of dialysis. Blood was sampled from arterial and venous
blood lines, and dialysate was sampled from the reservoir with
coil dialyzers and from the inlet ports of the hollow-fiber dialyz-
ers. With hollow-fiber dialyzers, the dialysate flows from a
reservoir through the dialyzer to the regenerative cartridge and
back to the reservoir. With coil dialyzers, the dialyzer sits in the
reservoir, and the dialysate is pumped through and over the
dialyzer, agitating and aerating the dialysate. A separate flow of
dialysate goes from the reservoir to the regenerative cartridge
and back to the reservoir. Sample pH and Pco2 were measured,
and plasma bicarbonate was calculated by a Corning 165/2
blood-gas analyzer. This machine registers Pco2 values to a
maximum of 240 mm Hg. Results are displayed as the mean
values SEM.
Arterial blood pH, Pco2, and bicarbonate values were un-
changed between the start and termination of dialysis with all
combinations of dialysate and dialyzer. But marked changes in
dialysate and effluent blood Pco2 and pH occurred during
sorbent dialysis with hollow-fiber dialyzers and bicarbonate
dialysate (Figs. I and 2, Table 1). With this combination, the
dialysate Pco2 was consistently over 230 mm Hg for the first
hour of dialysis and decreased to only 169 13 mm Hg by the
end of dialysis (Fig. 1). Dialysate pH was less than 7.0 u
throughout dialysis as a result of the extremely high levels of
dialysate carbon dioxide tension. Although systemic arterial
blood gases in the patients changed only slightly throughout
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Fig. 2. Blood Pco2 during sorbent regenerative he,nodialysis using
hollow-fiber dialyzers: arterial (•—•) and venous (A—A) blood
with bicarbonate dialysate, arterial (0 0) and venous (A A)
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Fig. 1. Dialysate Pco2 during sorbent regenerative hemodialysis using
bicarbonate dialysate with hollow-fiber dialyzers (•—S), bicarbon-
ate dialysate with coil dialyzers (A—A), acetate dialysate with
hollow-fiber dialyzers (0 0), and acetate dialvsate with coil dialvz-
ers (A A).
each dialysis, the effluent or venous blood gases (measured
after passage through the dialyzer) showed striking changes
after sorbent dialysis with bicarbonate and hollow-fiber dialyz-
ers. Venous Pco2 was initially 182 24 mm Hg and declined to
66 11 mm Hg at 4 hours of dialysis (Fig. 2). Venous
bicarbonate was initially elevated (50 4.2 mEq/liter) but
declined to less than 35 mEq/liter after 1 hour. The mass
transfer of bicarbonate represents a much larger contribution of
total carbon dioxide to the patient than the transfer of dissolved
carbon dioxide gas. Venous pH measurements reflected the
high Pco2in the blood. Specifically, the pH of the effluent blood
was less than 7.10 during the first hour of sorbent regenerative
hemodialysis with bicarbonate dialysate and hollow-fiber dia-
lyzers (Table 1).
During sorbent regenerative hemodialysis with acetate dialy-
sate and hollow-fiber dialyzers, acid-base derangements similar
to that observed with bicarbonate dialysate were noted but
differed in time of onset. Dialysate Pco2 increased from 6.3
2.1 to 162 13 mm Hg after only 1 hour of dialysis and to 230
mm Hg by 4 hours (Fig. I), whereas dialysate pH remained less
than 7.0 throughout dialysis. Venous Pco2 during acetate
dialysis with hollow-fiber dialyzers were again indicative of
carbon dioxide transfer to the patient. Venous Pco2 ranged
from 63 5 to 91 7 mm Hg after 1 hour of dialysis (Fig. 2). A
gradual rise in venous bicarbonate was noted as the small
volume of dialysate equilibrated with the patient's blood and as
the regenerative cartridge generated bicarbonate. Venous pH
declined to 6.69 0.10 at 1 hour of dialysis when venous
bicarbonate was low (7.5 mEq/liter) and venous Pco2 was high
(63 5 mm Hg) (Table I).
In contrast to the acid-base derangements seen with both
bicarbonate and acetate dialysis with hollow-fiber dialyzers
during sorbent regenerative hemodialysis, coil dialyzers were
noted to markedly attenuate these changes. As displayed in Fig.
1, a lower dialysate Pco2 was noted at each time period of coil
compared with hollow-fiber sorbent dialysis with either acetate
or bicarbonate dialysate. The venous blood pH, Pco2, and
bicarbonate values were also normalized with coil sorbent
regenerative hemodialysis (Fig. 2 and Table 1).
Usual hemodialysis with acetate dialysate in conventional
systems results in a transfer of carbon dioxide across the
dialyzer membrane from the patient to the dialysate [5—7]. In
contrast, as demonstrated in our study, sorbent regenerative
hemodialysis and hollow-fiber dialyzers can result in the oppo-
site, that is, mass transfer of carbon dioxide to the patient. The
high Pco2 and low pH of the dialysate result in blood returned
to the patient with similar characteristics. The excess hydrogen
ions and carbon dioxide of the dialysate are largely derived
from a cation exchanger and from the splitting of urea in the
regenerative cartridge. Urea is hydrolyzed to ammonium and
carbonate. A cation exchanger, zirconium phosphate, releases
sodium and hydrogen ions from other cations. The hydrogen
ions react with carbonate to form bicarbonate, water, and
carbon dioxide [8]. The magnitude of the observed Pco2in both
the dialysate and venous blood is particulary interesting. These
changes have not been emphasized adequately or examined
extensively. The assumption that the carbon dioxide generated
by sorbent regenerative hemodialysis is usually expired by the
patient is verified by the present results. But, as illustrated by
the case report, severe acute respiratory acidosis may occur
during bicarbonate sorbent dialysis with a hollow-fiber dialyzer
in a patient on mechanical ventilation. Patients with compro-
mised pulmonary function may also be at risk to develop this
complication. Conventional dialysis systems can also exhibit
mass transfer of carbon dioxide to the blood from dialysate with
a high Pco2 [9]. Any dialysate that results during preparation, in
increases in carbon dioxide tension to high levels may therefore
result in risk to the patient.
These studies also demonstrate significant differences in acid-
base derangements among various combination of dialysate and
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Table 1. Comparison of venous blood during bicarbonate and acetate sorbent regenerative hemodialysis with hollow-fiber dialyzers (HFD) and
with coil dialyzers (CD).
Bicarbonate dialysate Acetate dialysate
0 mm 60 mm mm180 0 mm 60 mm 180 miii
Pco2, mm Hg
HFD 181.9 24.1 122.7 17.6 68.8 3.9 5.8 1.6 62.9 4.6 91.0 7.3
CD 70.8 3.4 44.1 3.5 36.8 4.5 4.5 1.1 16.0 1.4 33.1 3.1
pH
HFD 7.06 0.07 7.05 0.04 7.23 0.03 7.29 0.06 6.69 0.10 6.96 0.04
CD 7.44 0.02 7.40 0.03 7.41 0.04 7.29 0.04 7.30 0.03 7.31 0.02
PHCO3, mEqiliter
HFD 50.1 4.2 31.5 2.0 27.2 1.2 3.0 0.8 7.5 1.4 19.8 1.6
CD 47.0 1.8 25.7 0.9 22.8 1.8 2.4 0.7 7.8 1.2 15.6 1.1
dialyzers. The peak Pco2 changes in the dialysate and effluent
blood are observed early in bicarbonate dialysis with hollow-
fiber dialyzers and late in acetate dialysis with hollow-fiber
dialyzers. Coil dialyzers significantly diminish the rise in Pco2
because of more vigorous aeration and agitation of the dialysate
as it is pumped over the coil, thereby releasing gaseous carbon
dioxide. Modifications of sorbent regenerative hemodialysis to
better aerate and agitate the dialysate with closed system
dialyzers (hollow fiber and parallel plate dialyzers) should be
quite simple and potentially beneficial. Bubbling ambient air or
100% oxygen through the dialysate reservoir may suffice, for
example.
Summary. These studies emphasize the potential for acute
acid-base changes with sorbent regenerative hemodialysis. Al-
though stable patients tolerated all forms of sorbent regenera-
tive hemodialysis, venous or effluent blood Pco2 was extremely
high and pH reduced early in bicarbonate dialysis with hollow-
fiber dialyzers and late in acetate dialysis with hollow-fiber
dialyzers. Coil dialyzers minimized the increase in dialysate and
venous blood carbon dioxide tension. These findings in stable
patients emphasize the potential for severe respiratory acidosis
in patients with fixed mechanical ventilation or pulmonary
impairment during dialysis with sorbent regenerative hemodial-
ysis using both bicarbonate dialysate and acetate dialysate with
hollow-fiber dialyzers.
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